The importance of a fission product in relation to the reactor operation and, hence, the need for its containment within the fuel is determined by its fission yield, half-life, gamma-activity and neutron absorption cross section. The fission products with long half-lives and high energy gamma-emissions, generated at a high yield, will cause the greatest radioactivity and contamination problems in the coolant gas stream to the extent that they escape from the fuel element.
Examination of a plot of fission yields of the prod-4 ucts of U-235 fission shows that the elements with mass numbers of 85-105 and 130-150 have the highest fission yields. Fission yields for these products range from 2 to 6 %.
Based on the amount of gamma-activity released as high energy decay products with long half-lives, decay The fission products formed in an unclad ceramic fuel element will diffuse from the fuel into the gas stream by solid state diffusion. Fragments of sufficiently high kinetic energy will recoil into the moderator matrix. The fission products reaching the moderator will be transported through this matrix by pore, surface or solid state diffusion. The controlling mechanisms are different for each of these processes.
In this report the experimental data obtained on high temperature solid state and surface diffusion of fission product elements in graphite and some of the mechanisms controlling these processes will be discussed and the results compared with some of the earlier work. The experimental work is of exploratory nature and it was designed to study a number of idealized systems and obtain comparisons with earlier work giving an insight into the mechanisms controlling fission product transport in fuel element matrices. The coefficients of diffusion were evaluated using the solution of the diffusion equation for an infinite 7 cylinder of unit cross section.
The one-dimensional form of the diffusion equation is
where C is concentration of the diffusing species, t is time, D is coefficient of diffusion and x is distance coordinate in the direction of the diffusion flux.
For the boundary conditions C = CQ for X < 0 at t = 0 C = 0 for X > 0 at t = 0 the solution is
Differentiation of this solution with respect to x and substitution of the result into the flux equation gives
Integrating for a time period t over a cross sectional area A gives the total amount transferred as t S = A f jdt = AC^ ^lm7^T Experimental diffusion data obtained by this technique are given in Table I . An examination of the data indicates migration through the matrix by a relatively slow process.
Rates of Diffusion for Fission Product Elements in Graphite Above 1000°C
Additional experimental data were obtained on the rates of transport of fission product elements at temperatures between 1000 and 1800°C. At these temperatures the rates of migration are considerably higher and reactions with the graphite matrix are more likely to take place.
In order to facilitate these studies diffusion of one 
DISCUSSION

Survey of Earlier Experimental Work
The measurement of fission product release rates from high temperature refractory fuel elements was the subject 5 of several experimental investigations.
Release of fission products was studied from uranium oxide and carbide alone or in combination with graphite and other moderator matrices.
Transport in the moderator matrix will be controlled by the processes transferring the diffusant into the matrix and the structure of the matrix. Transfer of diffusing fission products can take place either by (1) recoil of the high kinetic energy particles from the fuel into the matrix or (2) diffusion from the fuel. The relative importance of these two transfer processes will vary depending on the structure and size of the fuel particles. Let us assume that diffusion takes place along the X-axis parallel to the crystal axis in jumps of length Ax of equal probability in both +x and -x directions with a mean time t between the jumps. Examining a segment of unit area for n(x,t) atoms passing through the x plane at time t the change for a time interval 6t will be n(x,t+6t) -n(x,t) = n(x+Ax,t) -n(x,t) + n(x-Z^,t) -n(x,t) 6t/2t
For 6t -* 0 and Ax -0 the difference equation can be written as (1 -p/r") (17) Here r is the crystal radius, Z the ionic charge, M the Madelung constant which is related to the crystal structure parameters, e, electronic charge, B, M and p constants.
In these expressions the first term represents the electrostatic attraction and the second gives the repulsive energy due to overlapping of the valence bands.
Combining the constants in Eq. (17) gives Here the simplifying assumption is made that the rate of jumps will be the same in any position in the lattice.
This may be only an approximation for a matrix containing a large number of fission fragments.
An examination of Fig. 2 showing the coefficients of diffusion for fission product recoils in graphite as given 15 by Large and Walton indicates that these coefficients of diffusion are a function of the atomic radius of the species as indicated by Eq. (20) . The agreement is good considering that the data cover a range of 10^ for the coefficients of diffusion. Xenon and cesium show the same relationship but the coefficients of diffusion are higher by a factor of 10^. These elements would be above the boiling point at 800 C and this may account for their increased mobilities in the lattice. The behavior of iodine which is also above the boiling point can be attributed to this and its relatively long half-life tellurium precursor.
The relationship is valid using either the atomic or the ionic radii of the diffusing species. The atomic radii were preferred since the structure of the activated complexes is not known and the bonds may be partially covalent in the intermediate states. In addition the radii will be somewhat different for the different isotopes.
This effect may be significant in estimation of the rates of diffusion for the species in different fission chains but the available data are not sufficiently accurate for Diffusional transport can be described in this system as a two dimensional random walk through the surface imperfections. The mobility of the diffusing species will be proportional to the T/T^ ratio or the kinetic energy of the migrating species.
Chemical Reactions in Graphite
In addition to the aspects of fission product diffusion already discussed, the effects of chemical reactions between the diffusants and matrix should be also examined. The free energy values given in Table III Inc., New York, 1956.) 
